Abstract-The aim of the present experiments was to evaluate the differences in arterial pressure between H-Ras lacking mice and control mice and to analyze the mechanisms involved in the genesis of the differences. H-Ras lacking mice and mouse embryonic fibroblasts from these animals were used. Blood pressure was measured using 3 different methods: direct intraarterial measurement in anesthetized animals, tail-cuff sphygmomanometer, and radiotelemetry. H-Ras lacking mice showed lower blood pressure than control animals. Moreover, the aorta protein content of endothelial nitric oxide synthase, soluble guanylyl cyclase, and cyclic guanosine monophosphate-dependent protein kinase was higher in H-Ras knockout mice than in control animals. The activity of these enzymes was increased, because urinary nitrite excretion, sodium nitroprusside-stimulated vascular cyclic guanosine monophosphate synthesis, and phosphorylated vasoactive-stimulated phosphoprotein in aortic tissue increased in these animals. Furthermore, mouse embryonic fibroblasts from H-Ras lacking mice showed higher cyclic guanosine monophosphate-dependent protein kinase promoter activity than control cells. These results strongly support the upregulation of the nitric oxide-cyclic guanosine monophosphate pathway in H-Ras-deficient mice. Moreover, they suggest that H-Ras pathway could be considered as a therapeutic target for hypertension treatment. (Hypertension. 2010;56:484-489.)
S
mall GTP-binding proteins (G proteins) are monomeric G proteins with a molecular mass of 20 to 40 kDa. A small G protein acts as a molecular switch between inactive GDP-bound and active GTP-bound cycles. Ras proteins are small G proteins highly conserved from yeast to humans. Three functional Ras genes are ubiquitously expressed in mammals. These genes are located on different chromosomes and encode four 21-kDa proteins: H-Ras, N-Ras, K-Ras4A, and K-Ras4B. [1] [2] [3] Ras mediates its effect on cell proliferation mainly through the activation of its effector Raf, initiating the mitogen-activated protein kinase cascade. 4 In addition, a variety of Ras effectors have been identified, such as a phosphatidylinositol 3-kinase (PI3K) and Raf-Erk1/2. 5 Ras isoforms have a very high degree of homology (Ϸ80%) at the protein level. H-and K-Ras have a Ͼ90% homology excluding the last 25 amino acids. Most of the differences between these proteins are found within the hypervariable region at the carboxyl end of the molecule. However, the different Ras isoforms seem to have different functions. 6 Mice knocked out for H-Ras, N-Ras, or both isoforms are viable, whereas mutations in K-Ras are lethal, indicating that K-Ras is not only essential but also sufficient for normal mouse development. [7] [8] [9] Until recently, the relationships between Ras and the regulation of blood pressure have scarcely been studied. Previous reports suggested a role for Ras in the cellular response to angiotensin II, 10, 11 but no definite relationship between this protein and blood pressure was established. However, genetic manipulation of the different isoforms of the Ras gene has underscored the relevance of this protein as a hemodynamic regulator. Thus, it has been reported that the knock-in of the H-Ras coding sequence at the K-Ras locus (HRas-KI) is viable, although a dilated cardiomyopathy associated with arterial hypertension was shown. 12 More recently, it has been reported that transgenic mice for a constitutively activated form of H-Ras have hypertension and heart hypertrophy, 13 thus suggesting a role for H-Ras in the cardiovascular system. However, an analysis of the intrinsic cardiovascular mechanisms involved in the genesis of this hypertension has not been extensively performed.
The present experiments were devoted to answer part of these questions, using a different experimental approach. H-Ras lacking mice are viable and apparently normal, but no study has evaluated these animals from a hemodynamic point of view. We hypothesized that H-Ras Ϫ/Ϫ mice may show changes in arterial pressure that were opposite to those observed in the mice overexpressing Ras. Because the nitric oxide (NO)/cyclic cGMP/cGMP-dependent protein kinase (PKG) signaling pathway seems to be one of the more relevant systems involved in the regulation of blood pressure, 14 -18 we planned to explore this system in our H-Ras knock-out mice.
Methods
A complete description of the methods used in the present study is provided in the online Data Supplement at http://hyper.ahajournals.org.
Animals

H-Ras-deficient mice (H-Ras
Ϫ/Ϫ ) were obtained as previously reported. 7 
Cell Cultures
Mouse embryonic fibroblasts (MEFs) were isolated using previously described methods. Studies were performed on confluent monolayers at passages 2 to 4. 19 
Blood Pressure Measurements
Blood pressure was measured using 3 different methods: direct intraarterial measurement in anesthetized animals, 20 tail-cuff sphygmomanometer, 21, 22 and radiotelemetry. 23 Blood pressure was measured under basal conditions and after the administration of the following treatments: acetylcholine (ACh) (1 g/kg body weight [BW] intraperitoneal [IP]), sodium nitroprusside (SNP) (2 g/kg BW IP), db-cGMP (5 mg/kg BW IP), N G -nitro-L-arginine methyl ester (L-NAME) (20 mg/kg BW per day, drinking water for 2 weeks), 1H- [1, 2, 4] oxadiazole [4,3-a] quinoxalin-1-one (ODQ) (5 mmol/kg BW IP), DT-3 (500 g/kg BW IP), and chaetomellic acid A (1.5 mg/kg BW IP at 24 and 16 hours before blood pressure measurement and euthanasia). 24 
Preparation of the Aortic Rings and Vascular Reactivity Studies
The preparation of the aortic rings and vascular reactivity studies were performed as described. 22 Norepinephrine-contracted aortic rings were treated with increased concentrations of SNP and dbcGMP, and arterial wall tension was recorded.
Protein Extraction and Western Blot Analysis
Tissues were studied under basal conditions. Cells were studied under basal conditions and after treatments with SNP (10 Ϫ4 mol/L, 15 minutes) or 8-Br-cGMP (10 Ϫ4 mol/L, 15 minutes). In the SNP experiments, to assess the specificity of the observed effects, cells were preincubated with ODQ (10 Ϫ6 mol/L, 30 minutes). Tissues or cells were washed in PBS and solubilized for 30 minutes at 4°C. Immunoblotting was performed as described. 25 
RNA Extraction and Analysis of mRNA Expression by Northern Blot
Total RNA from MEFs was isolated as described 26 and transferred to a nitrocellulose membrane. Hybridization was performed as described previously. 25 
Immunohistochemistry
Thoracic aortas were harvested from H-Ras ϩ/ϩ and H-Ras Ϫ/Ϫ mice, fixed with formalin, and subjected to increasing concentrations of ethanol and xylene. Tissues were embedded in paraffin, cut into serial sections 3 to 5 m thick, incubated with the anti-endothelial nitric oxide synthase (eNOS) (dilution 1:100), soluble guanylyl cyclase (sGC)-␣1 (dilution 1:100), sGC-␤1 (dilution 1:100), and PKG-I antibodies (dilution 1:200), then with biotin-labeled goat anti-mouse and anti-rabbit antibodies, and subsequently exposed to the avidin-peroxidase complex. Finally, diaminobenzidine was added to serve as substrate. Samples were counterstained with Mayer's hematoxylin. Negative controls were obtained by omitting primary antibodies.
Nitrite Measurements
Nitrites were analyzed using the Griess method. 27 Animals were housed in individual metabolic cages and their urine was collected for 24 hours.
Measurement of cGMP
Tissues or cells were studied under basal conditions and after treatment with SNP (10 Ϫ4 mol/L, 15 minutes), with or without ODQ (10 Ϫ6 mol/L, 30 minutes). cGMP was determined as previously described. 22 
Transient Transfection and Luciferase Assays
A total of 3.5ϫ10 5 cells/well were plated in six-well plates 24 hours before transfection. MEFs were incubated 4 hours at 37°C with 2 mL Opti-MEM medium containing complexes of 2 L of Lipofectamine, 0.1 g of human PKG-I reporter, 28 and 0.01 g of Renilla luciferase reporter as an internal control. The transfected cells were then incubated with complete growth medium for 24 hours, washed with PBS, and lysed. Finally, firefly luciferase activity of the PKG-I reporter was measured with a luminometer (FB12 Berthold luminometer) and normalized against the Renilla luciferase activity using the dualluciferase reporter assay system. Protein concentration was determined by BCA.
Statistical Methods
The number of experiments performed is reflected in the legends of the figures because this number was never more than 10; nonparametric statistics were used for comparisons (Friedman and Wilcoxon tests for paired data and Kruskal-Wallis or Mann-Whitney tests for nonpaired data). The data are expressed as the meansϮSEM. A value of PϽ0.05 was considered statistically significant.
Results
Data obtained by either direct cannulation of anesthetized animals or tail-cuff measurements and telemetry in conscious animals revealed that H-Ras Ϫ/Ϫ mice showed lower systolic, diastolic, and mean arterial pressure than H-Ras ϩ/ϩ mice. Heart rate measurements taken in anesthetized animals were significantly lower in H-Ras Ϫ/Ϫ than in WT mice, whereas it was significantly higher when measurements were obtained in conscious animals (Table) . Telemetry measurements provided additional information about the basal circadian rhythm of mouse blood pressure. Wild-type animals exhibited higher systolic blood pressure in the dark than in the light period (118Ϯ2 and 102Ϯ1 mm Hg, respectively, PϽ0.01), a finding that was also observed in H-Ras Ϫ/Ϫ mice (106Ϯ1 and 96Ϯ1 mm Hg, PϽ0.01). In each period of the day, systolic blood pressure was significantly lower in the knock-out mice.
The intraperitoneal administration of ACh, SNP, or dbcGMP induced a significant reduction of systolic arterial pressure (SAP) in both the H-Ras ϩ/ϩ and H-Ras Ϫ/Ϫ mice ( Figure 1A through 1F) . After these treatments, the SAP values showed a tendency toward being significantly lower in the H-Ras Ϫ/Ϫ mice than in the wild-type animals. These differences were statistically significant when mice received ACh and SNP, and the tail-cuff method was used ( Figure 1A and 1C), and with both tail-cuff measurements and telemetry after db-cGMP treatment ( Figure 1E and 1F). The blockade of NO with L-NAME, sGC with ODQ, and PKG with DT-3 increased SAP in both groups of animals, and the differences in blood pressure disappeared (Figure 2A through 2F ). To confirm these findings, vascular reactivity studies were performed in isolated aortic rings. Precontracted rings from both strains of animals were incubated with different concentrations of SNP or db-cGMP, and the tension of the rings was recorded. Both compounds induced a significantly increased relaxation of the rings that was significantly more marked in the H-Ras Ϫ/Ϫ mice ( Figure S1A and S1B in the online Data Supplement).
Because these pharmacological experiments suggested an upregulation of the NO-cGMP-PKG signaling pathway in the vascular walls of the H-Ras Ϫ/Ϫ mice, we measured the aortic protein content of eNOS, the ␣1 and ␤1 subunits of sGC, and PKG-I ( Figure 3A through 3F) . The protein content of all of these proteins was significantly higher in H-Ras Ϫ/Ϫ mice than in control animals. Moreover, these quantitative changes in the protein content determined functional modifications in H-Ras Ϫ/Ϫ mice. Thus, they excreted a higher amount of nitrites in urine ( Figure S2A ), their aortic ring synthesized higher amounts of cGMP when treated with SNP ( Figure  S2B ), and phosphorylation of the PKG substrate VASP on Ser239 increased in their aortic walls ( Figure S2C ).
To gain insight into the mechanisms responsible for the changes observed in H-Ras Ϫ/Ϫ mice, some experiments were performed in MEFs from these animals. As occurred in their vascular walls, the protein content of sGC-␣1, sGC ␤1, and PKG-I was significantly higher in the MEFs from H-Ras Ϫ/Ϫ mice ( Figure S3A ) than in the control MEFs. The H-Ras lacking cells, stimulated by SNP, showed greater cGMP synthesis ( Figure S3B ) and VASP phosphorylation ( Figure  S3C ) than their respective controls. Moreover, when 8-Br-GMP was used as an agonist of PKG, MEFs without H-Ras also showed an increased VASP phosphorylation ( Figure  S3D ) when compared with control cells. After the confirmation that the changes observed in the cGMP-PKG pathway were comparable in aortic walls and in MEFs, preliminary experiments were performed to evaluate the relationship between H-Ras deficiency and increased PKG-I content. The lack of H-Ras induced a significant increase of the PKG-I mRNA content ( Figure S3E ), probably related to an increase of the transcriptional activity of the human PKG-I 2 Kb promoter region ( Figure S3F ).
Finally, the ability of chaetomellic acid A, an inhibitor of Ras farnesylation with rather high specificity for H- Conscious animals, tail-cuff
Conscious animals, telemetry
H-Ras
Arterial pressure (AP) was measured by 3 different methods: direct intraarterial recording in anesthetized animals, tail-cuff sphygmomanometer, and telemetry. Systolic (SAP), diastolic (DAP), and mean (MAP) arterial pressures are given in each case, as well as heart rate (HR). Data are expressed in millimeters of mercury (AP) and bpm (HR). Results are shown as meansϮSEM. *PϽ0.05 vs control animals. Ras, 24,29 -30 to modify blood pressure was tested in wild-type animals. Mice treated with the inhibitor exhibited lower blood pressure than control animals (106Ϯ1 mm Hg versus 116Ϯ2 mm Hg, PϽ0.01), their aortic rings showed an increased relaxing response after treatment with different agonists of the NO-sGC-PKG pathway ( Figure S4A and S4B). Moreover, they also showed an increased sGC and PKG content in aortic walls ( Figure S4C and S4D ).
Discussion
The analysis of blood pressure in mice is a relatively complex procedure, which is done mainly by using the classic indirect method based on tail sphygmomanometers, with the subsequent possible interferences attributable to movement restriction. A direct intraarterial pressure measurement requires the animals to be anesthetized, with the subsequent possible interferences of anesthesia. These methodological problems increase when the expected changes in blood pressure are quantitatively small. Thus, to study the changes in AP in H-Ras-deficient mice, we used an approach that combined these 2 techniques and added telemetry, 20 -23 a procedure that allows to measure arterial blood pressure and heart rate in conditions that may be considered almost completely physiological. Regardless of the procedure performed, H-Ras Ϫ/Ϫ mice showed a lower AP than control animals, with a reduction in SAP ranging from 7 to 13 mm Hg. This difference was observed either in the active period (dark) or in the inactive period (light).
Lower blood pressure in H-Ras Ϫ/Ϫ mice may be explained by decreased circulating volume, deficient cardiac function, or slightly higher vasodilation. In turn, this higher vasodilatation may be the consequence of deficient vasoconstriction or increased vascular relaxation. Because H-Ras is expressed in vascular smooth muscle 31 and endothelial cells, 32 it could be expected a direct effect of H-Ras deficiency in vascular tone. Therefore, we set out to test the possibility that increased vasodilatation, caused by upregulation of the NO-cGMP-PKG pathway, could be responsible for the changes detected in AP.
When compared with their wild-type littermates, H-Rasdeficient mice showed lower AP, and exhibited increased hypotensive responses to the administration of drugs that stimulate endogenous NO release, or activate sGC or PKG. The vascular protein content of eNOS, ␣1 and ␤1 subunits of sGC, and PKG I was higher in H-Ras Ϫ/Ϫ mice than in wild-type animals, and the activity of these enzymes was also increased, as suggested by increased urinary nitrite excretion, SNP-stimulated vascular cGMP synthesis, elevated phosphorylated VASP in thoracic aortic tissue, and the response of isolated aortic rings to variable concentrations of SNP and db-cGMP. Moreover, the blood pressure of H-Ras-deficient mice reached values comparable to those of the control animals when eNOS, sGC, or PKG were blocked, a finding that would not be observed if the differences in AP between both kind of animals were not attributable to changes in the NO-cGMP-PKG pathway. Taken together, these results strongly support the upregulation of the NO-sGC-PKG pathway in H-Ras-deficient mice and the functional relevance of this upregulation in the genesis of the hypotension of these animals.
Parts of the present results do not appear to be thoroughly explained. Blood pressure changes after ACh and SNP treatments were similar in both experimental groups when telemetry was used, whereas a significant difference in this parameter was observed when arterial pressure was measured with the sphygmomanometer. The possibility that the circadian rhythm of AP could be involved in the genesis of these apparent discrepancies was considered, but measurements of blood pressure were performed at the same time with both procedures, and both strains of animals showed significant changes in systolic AP between the dark and light cycles, which could interfere with the effects of ACh and SNP, although the differences were quantitatively higher in the control animals. Unfortunately, the treatments administered to the animals involved an intraperitoneal injection, with the subsequent interferences with the basal circadian rhythm and significantly increased stress.
The complexity of the analysis of the in vivo results led us to perform a number of experiments in a cellular system, MEFs from H-Ras-deficient and control mice. Obviously, eNOS cannot be studied in these cells, but the differences in sGC and PKG were assessable. The results were completely comparable to those obtained in mice: The lack of H-Ras induced the overexpression of both sGC isoforms and PKG-I, and these overexpressed enzymes were functionally active. An additional advantage of these experiments on cells is that they allowed us to better understand the relationships between H-Ras deficiency and enzyme overexpression. A preliminary analysis performed for PKG-I suggest that the changes in the protein content could be related to an increased activation of the transcription of the gene caused by increased promoter activity.
Our results cannot be compared with previous studies, because no similar experimental approaches have previously been performed. However, Jeon et al indirectly explored the relationship between H-Ras and eNOS when studying the mechanisms involved in the endothelial dysfunction observed in APE1/ref-1 mice. 33 These animals showed a significantly lower H-Ras, and phospho-S1177 eNOS protein content in aortic tissue, but an increased eNOS content, suggesting a deficiency in the activation of the enzyme. Studies in COS-7 cells led the authors to propose a relationship between H-Ras deficiency and impaired eNOS phosphorylation. It could be argued that our H-Ras-deficient animals could also exhibit an increased but functionally deficient eNOS, but the in vivo response to ACh and the analysis of the nitrite excretion do not support this possibility. Moreover, it has been reported that the administration of FPT III, a Ras-GTPase inhibitor, significantly decreased mean arterial blood pressure in spontaneously hypertensive rats treated with L-NAME, 34 an observation that supports the relevance of our findings.
Perspectives
The present results provide new information about the mechanisms involved in the regulation of the NO-sGC-PKG pathway. In fact, the presented data support an inverse relationship between H-Ras and the expression level of the proteins of this pathway. A careful analysis of these mechanisms may complete our knowledge about the regulation of this important cellular system, mainly concerning the targets of the NO, such as sGC and PKG, which have been less extensively studied.
The data obtained point to the possibility that the inhibition of H-Ras may be used as a way to control blood pressure or to improve tissue perfusion in some cardiovascular diseases. In this sense, the effects of chaetomellic acid administration decreasing blood pressure, increasing aortic relaxing response, and increasing vascular sGC and PKG in control animals suggest that pharmacological inhibition of Ras, and particularly of H-Ras, could constitute a useful therapeutic tool in hypertension. 
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Animals
H-Ras deficient mice (H-Ras
-/-) were obtained as previously reported 1 and maintained under standard conditions. A breeding colony of adult H-Ras -/-animals has been maintained in our laboratory for over 8 years.
1, 2 The animals appear healthy and normal with no signs of any apparent associated lesions. The growth rates of these animals were indistinguishable from those of wild-type animals, and mutant mice reproduced normally.
1, 2 Routine genotyping of DNA isolated from mouse tail biopsies was performed by PCR using the previously reported primers. 1, 2 Our research conforms to the National Institutes of Health (NIH) Guide for the Care Online Supplement Chamorro-Jorganes et al.
and Use of Laboratory Animals . Animals were housed in a temperature and humidity controlled animal house with 12 h light/12 h dark periods.
Direct blood pressure measurements in anesthetized animals
Mice were anaesthetized with sodium pentobarbital, 40 mg/Kg body weight (b. wt.). Body temperature was maintained at 37ºC and a tracheotomy was performed. The right carotid artery was cannulated with PE-10 tubing connected to PE-50 tubing and to a pressure transducer. Arterial pressure (AP) was continuously recorded by a digital data recorder (MacLab/4e, AD Instruments, Australia) and analyzed using Chart v 3.4 (an application program). The left jugular vein was catheterized for the administration of substances. Supplemental doses of anesthesia (sodium pentobarbital: 10 mg/Kg b. wt.) were administrated as required.
Indirect measurement of blood pressure. Tail-cuff method
Indirect measurements of AP were obtained in conscious animals by means of a tail-cuff sphygmomanometer (LE 5001 Pressure Meter, Letica Scientific Instruments, Hospitalet, Spain). The animals were trained for 3 days before starting the measurement to prevent stress and were prewarmed to 30ºC with a heater (LE5660/6, Letica Scientific Instruments). Arterial pressure was measured several times between 9:00 and 12:00 a.m., and pressure values were considered acceptable when at leas 5 consecutive measurements gave similar values.
Direct Measurement of Blood Pressure in conscious mice: Radiotelemetry Method
Radiotelemetry system blood pressure measurement is performed through a catheter implanted into an artery of the mouse. The catheter is attached to a combination of a pressure transducer, a transmitter, and a battery, all encapsulated in an implantable microminiaturized electronic monitor (PA-C20, Data Sciences International, DSI; St. Paul, MN, USA). The implantation of the device in the mice was performed as described. 3 Briefly, after anesthesia by intraperitoneal injection of a mixture containing ketamine 78 mg/Kg, diazepam 6 mg/Kg, and atropine 0.15 mg/Kg, the ventral body wall of the mouse was shaved and wiped clean with topical antiseptic and alcohol and a midline skin incision 20-30 mm long from pelvis to xiphoid process was made. A second incision from chin to manubrium exposed the salivary glands, and a subcutaneous channel from the neck site to the abdominal site was made by blunt dissection. A 16-gauge trocar was then passed from the abdominal cavity through the lateral aspect of the left rectus muscle and under the skin to the neck incision. The implant catheter was introduced into the trocar, and the body of the implant was inserted into the abdominal cavity. The body of the implant was secured to the midline of the abdominal cavity with interrupted nonabsorbable sutures. The skin was closed with staples and a tissue adhesive, and a topical antiseptic was applied. Subsequently, the carotid artery was cannulated using the device's catheter, holding it in place with tissue adhesive and securing it with the middle tie. The skin was closed and approximately 1 mL of normal saline was injected subcutaneously into two or more sites to assure adequate postoperative hydration. The animal was kept in a warmed, ventilated environment for at least 24 h with continuous blood pressure monitoring. Most animals were fully ambulatory within 30 min, with a return to their drinking and eating habits and bowel function within 1 h. An antibiotic, cefazolin 25 mg/Kg (Normon, Spain), was administered at the time of operation and twice daily during the recovery period. An analgesic, buprenorphine 0.1 mg/Kg IM (Buprex, Schering-Plough, Madrid, Spain), was provided if the animal's behavior suggested the presence of pain, e.g. attention to the wound site, lethargy, or aggression. After instrumentation, each animal was housed individually in a standard polypropylene cage placed over a radio receiver, and in a quiet environment. After recovery, repeated measurements (10 sec every 5 min) of basal systolic and diastolic arterial pressure and heart rate were taken for each animal between 9:00 and 12:00 a.m. for at least 3 days. For circadian rhythm analysis, data was obtained in two consecutive days as above described, and systolic blood pressure analyzed for light period (08-20h) and dark period (20-08h) . Data was digitally recorded on a computer and calculated using the software provided by Data Sciences.
Preparation of the aortic rings and vascular reactivity studies
The preparation of the aortic rings to measure the tension was essentially similar to that described. 4 The aortic rings were suspended between two stirrups in a 10 ml organ bath filled with pre-warmed (37ºC) oxygenated (95% O 2 /5% CO 2 ) modified Krebs-Ringer bicarbonate solution at pH 7.4. The rings were set at an initial resting tension of 1 g and changes in force were recorded with an isometric force transducer (Biopac System, Inc., Santa Barbara, CA, USA) connected to a computer equipped with a suitable software program. The tissues were allowed to equilibrate for 60 min before the experiments began. In that period, the resting tension was readjusted to 0.5 g, if required. The vessels were exposed to 75 mmol/L K + to verify their functional integrity. After washing, the segments were contracted with norepinephrine (NE), at the required concentration to elicit a contractile response equivalent to 55-65% of that induced by K + (between 10 -8 M-10 -5 mol/L). After that, the bath was washed three times before the arteries were treated with different doses of SNP or db-cGMP.
Protein extraction and Western blot analysis
Depending on the different treatments (see figure legends) , cells or tissues were washed in PBS and lysed (10 mmol/L Tris-HCl pH 7.4, 1 mmol/L EDTA, 1% Triton X-100, 0.1 % sodium deoxycholate, 500 nmol/L sodium orthovanadate, 50 nmol/L NaF, 1 mmol/L pepstatin/leupeptin/aprotinin, 1 mmol/L PMSF) for 30 min at 4ºC. To perform Western blot analysis, total protein extracts (20 µg/lane) were sizefractionated by SDS-PAGE and transferred to polyvinylidene difluoride membranes. The membranes were blocked for 1 h and then incubated with the corresponding antibodies. After washing, blots were incubated with a secondary antibody and specifically bound antibody was detected using the ECL method. Films were scanned and analyzed using appropriate software (NIH Imagine 1.55; National Institutes of Health, Bethesda, MD).
RNA extraction and analysis of mRNA expression by Northern blot
MEF were homogenized using guanidinium isothiocyanate, and total RNA was isolated by repeated phenol-chloroform extractions and isopropanol precipitation as 
